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SUMMARY 
Kerne l s  o f  169 conver ted  e x o t i c  l i n e s  o f  sorghum, Sorghum b i c o l o r  
(L.) Moench, were sc reened  f o r  r e s i s t a n c e  t o  t h e  maize weev i l ,  S i t o p h i l u s  
zeamais Motsch., u t i l i z i n g  f ree -cho ice  and no-choice s c r e e n i n g  tech-  
n iques .  The c r i t e r i a  used f o r  i n i t i a l  e v a l u a t i o n  of samples o f  each l i n e  
were a t t r a c t i v e n e s s  t o  maize weev i l  a d u l t s  and t h e  number o f  emerged 
progeny ob ta ined .  D e s p i t e  c o n s i d e r a b l e  v a r i a b i l i t y ,  r e s u l t s  o f  t h i s  
i n i t i a l  s c r e e n i n g  i n d i c a t e d  t h a t  s e v e r a l  e n t r i e s  possessed  s i g n i f i c a n t  
.a 
l e v e l s  of r e s i s t a n c e  t o  maize weevi l .  F u r t h e r  tests were conducted wi th  
,25 e n t r i e s ,  18 o f  which appeared t o  b e  r e s i s t a n t  i n  t h e  i n i t i a l  
sc reen ing .  R e s u l t s  o f  t h i s  s e l e c t e d  s c r e e n i n g  t r i a l  us ing  w v e r a l  
iy d i f f e r e n t  methods t o  e v a l u a t e  weev i l  r e s i s t a n c e  showed t h a t  t h e r e  was 
c o n g r u i t y  among d i f f e r e n t  t e s t s  i n  i d e n t i f i c a t i o n  o f  f i v e  conver ted  
e x o t i c  l i n e *  ,as e x c e p t i o n a l l y  promising s o u r c e s  o f  r e s i s t a n c e  t o  t h e  
, 
maize weevi l .  These l i n e s  were SC0226, SC0233, SC0309, SC0311, and 
SC0331. A d d i t i o n a l  l i n e s  which should b e  f u r t h e r  i n v e s t i g a t e d  as s o u r c e s  
o f  r e s i s t a n t  germplasm a r e  SC0199, SC0224, SC0227, 930230, SC0289, and 
LABORATORY EVALUATION OF KERNELS OF CONVERTED EXOTIC 
SORGHUMS FOR RESISTANCE TO THE MAIZE WEEVIL* 
G .  L.  Teetes,  W .  Chantrasorn, J .  W. Johnson, 
T. A. Granovsky and L. W .  Rooney 
Perhaps one of the l eas t  exploi ted means of increasing avai lable  
world g ra in  suppl ies  is to reduce post-harvest lorseer ts i n ~ c t ~ ,  
rodents,  and o the r  sto+ed grafn  pests, Damage by faee%-t:s to g r a i n  i n  
s torage by in iec te  is  a ~ j ~ r  p r t W e m ,  npeeiifgy i n  ehe-;davelopiq 
wot ld  .  st imates- of postharvest ldsseg sf khe . r p o ~ l & '  $ -grain srippzy due 
t o  insect  damage range from 5 t o ' 3 5  percent .  Such losees e re  g rea te r  i n  
c e r t a i n  t rop ica l  and subtropical  countr ies ,  where es t imates  are  a s  high 
a s  30 t o  40 percent ( ~ u n r o  1966). However, even i n  the  United S ta tes ,  
where weather conditions are l e s s  favorable for insect  i n f e s t a t  ion over 
much of the  northern half  of the country in avid son and Lyon 1979) and 
more adequate s torage f a c i l i t i e s  e x i s t ,  losses  are  estimated t o  be 
between 300 and 600 mi l l ion  d o l l a r s  annually (Wilbur and Mills 1978). 
*Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae) 
Mention og b trademark o r  a propr ie tary  product does not c o n s t i t u t e  a 
guarantee o r  a warranty of t h e  product by The Texas Agr icul tura l  
,.:A- 
b m ~ ~ t  b a t i o n  and does not  imply its approval t o  t h e  exclusion of s = . -  products t h a t  a l s o  may be su i t ab le .  
2 ;a,.- 
" & $ & ~ ~ ~  and in£  ormat i o n  of The Texas Agr icul tura l  Experiment 
S t $ t & ~ ~ l  &re ava i l ab le  t o  everyone without regard t o  race ,  e thn ic  o r ig in ,  
religioa, sex, or we. 
A t  the  presen t  t ime ,  mechanical,  phys i ca l ,  and/or chemical c o n t r o l  
measures a r e  t he  predominant methods used t o  p r o t e c t  s t o r ed  g r a i n  from 
i n s e c t s .  I n sec t  i n f e s t a t i o n  f r equen t ly  occurs  a f t e r  t h e  g r a i n  is p laced  
i n  s torage .  Consequently, c o n t r o l  programs s t r e s s  t h e  use of c l e a n ,  
i n sec t - f r ee ,  and weatherproof s to rage  f a c i l i t i e s  and t h e  e l imina t ion  of  
nearby sources  of i n s e c t  i n f e s t a t i o n .  Fumigation i s  f r equen t ly  requi red  
t o  c o n t r o l  s to red-gra in  i n s e c t s .  Modern technology has  a l s o  encouraged 
condi t  ioned-air  s t o r age ,  a i r - t  i g h t  s t o r age ,  and d i v e r s e  drying methods, 
a l l  of which can be  e f f e c t i v e  i n  reducing i n s e c t  development and damage 
t o  s tored  g ra in .  Unfor tuna te ly ,  such c o n t r o l  t a c t i c s  a r e  unava i lab le  or  
a r e  not used i n  many a reas  o f  t h e  world, p a r t i c u l a r l y  i n  developing 
coun t r i e s .  
Chemical c o n t r o l  of s t o r ed  product p e s t s ,  though widely p r a c t i c e d ,  
a l s o  has  s e r i o u s  l i m i t a t i o n s .  The r ecen t  upsurge of i n t e r e s t  i n  
a l t e r n a t i v e s  t o  u n i l a t e r a l  dependence on chemical c o n t r o l  i n  product ion 
a g r i c u l t u r e  is  due i n  p a r t  t o  t h e  f a i l u r e  or  adverse s i d e  e f f e c t s  of some 
chemical p e s t i c i d e s ,  inc lud ing  i n t o l e r a b l e  r i s k s  t o  human h e a l t h  and the  
environment. I nc reases  i n  p e s t  r e s i s t a n c e  a r e  a l s o  l i m i t i n g  t h e  
e f f e c t i v e n e s s  of many p e s t i c i d e s .  Worldwide, t h e r e  a r e  p r e s e n t l y  a t  
l e a s t  305 s p e c i e s  of  i n s e c t s ,  m i t e s  and t i c k s  t h a t  possess  s t r a i n s  
r e s i s t a n t  t o  one o r  more chemical p e s t i c i d e s  ( ~ e o r g h i o u  and Taylor  1977) .  
The inc reas ing  c o s t  of p e s t i c i d e s ,  exacerbated b y  t he  c u r r e n t  petroleum 
.I 
shor tage ,  a l s o  encourage cons ide ra t i on  of a l t e r n a t i v e  c o n t r o l  measures. 
One such a l t e r n a t i v e  which has  proven i ts  use fu lnes s  a s  an i n s e c t  
c o n t r o l  meisure i n  product ion a g r i c u l t u r e  is  p l an t  r e s i s t a n c e  to i n s e c t s  
r e s u l t i n g  from her  i t a b l e  c h a r a c t e r i s t i c s .  P l a n t s  o r  v a r i e t i e s  t h a t  a r e  
inheren t ly  l e s s  i n ju red  or  i n f e s t e d  by i n s e c t s  than o the r  p l an t  v a r i e t i e s  
of  the  same spec i e s  under comparable environmental cond i t i ons  a r e  
considered r e s i s t a n t  ( p a i n t e r  1951). Resis tance of  g r a i n  t o  i n s e c t s  can  
be  divided i n t o  two components, non-preference for  o v i p o s i t i o n  o r  
feeding,  and a n t i b i o s i s  a s  r e f l e c t e d  by an adverse e f f e c t  on t he  b io logy  
of the  i n s e c t .  Tolerance is  un l ike ly  because g r a i n  does not have the  
a b i l i t y  t o  compensate fo r  t he  damage done by the  i n s e c t s .  Over 100 
c u l t i v a r s  r e s i s t a n t  t o  f i e l d  i n s e c t s  a r e  grown i n  t he  United S t a t e s  
( ~ c h m e l t z  19711, b u t  t he re  has  been l e s s  emphasis on breeding f o r  g r a i n s  
r e s i s t a n t  t o  stored-product i n s e c t s .  P a r t i c u l a r l y  i n  c o u n t r i e s  where 
s torage  f a c i l i t i e s  a r e  inadequate,  t he  u t i l i z a t i o n  of such r e s i s t a n t  
v a r i e t i e s  might be  used e i t h e r  alone or i n  conjunc t ion  with chemical 
i n s e c t i c i d e s  or  o the r  c o n t r o l  t a c t i c s  t o  reduce or e l imina t e  i n s e c t  
damage. 
The s u s c e p t i b i l i t y  of s t o r ed  sorghum and o the r  c e r e a l s  t o  i n sec t  
a t t a c k  has  been s tud i ed  by  many workers. Samuel and C h a t e r j i  (1953) 
t e s t e d  25  sorghum v a r i e t i e s  aga ins t  s i x  spec i e s  of  s to red-gra in  i n sec t  
p e s t s  and repor ted  t h a t  t h e  v a r i e t y  J S  20 was r e s i s t a n t  t o  most of t h e  
pes t s .  They pos tu la ted  t h a t  t he  combination of seed hardness ,  endosperm 
t e x t u r e  and t h e  presence of  glumes was respons ib le  fo r  low l e v e l s  of 
i n sec t  damage. Af te r  screening more than 1500 sorghum v a r i e t i e s  from the  
World Col lec t ion ,  Rogers and M i l l s  (1974b) recorded 50 v a r i e t i e s  which 
were r e s i s t a n t  t o  t he  maize weevil ,  S i t o p h i l u s  zeamais Motsch. 
~ange (1973) .  
' 5 .  
s e l e c t e d  16 c u l t i v a r s  which Rogers (1970)  found most r e s i s t a n t  t o  t h e  
maize weev i l  and r e p o r t e d  t h a t  o n l y  Redlan ,  CM 796,  CM 2520,  and CM 208 
had low weev i l  emergence p e r c e n t a g e s .  ~ a n n e c h o t  i ( l 9 7 4 )  r e p o r t e d  t h a t  
S h a l l u  MP-10 was t h e  most r e s i s t a n t  o f  92 c u l t i v a r s  t o  S i t o p h i l u s  o r y z a e ,  
_ _ . _ . -  _I_--. 
S. zeamai s ,  R h i z o p e r t h a  domin ica ,  and R .  cas teneum.  White (1975)  found 
- - - - -. -. -. 
s i m i l a r  r e s u l t s  u s i n g  S .  zeamais  and R .  dominica  a s  t e s t  i n s e c t s .  
-- -- --. 
T h i s  work was w i t h  t h e  maize weev i l  s i n c e  i t  i s  one o f  t h e  most  
d e s t r u c t i v e  and w i d e l y  d i s t r i b u t e d  of  t h e  p r imary  s t o r e d  g r a i n  p e s t s .  It 
o c c u r s  i n  g r e a t e s t  abundance i n  t h e  warmer, humid r e g i o n s  o f  t h e  wor ld ,  
such a s  t h e  s o u t h e r n  U n i t e d  S t a t e s .  T h i s  s p e c i e s  p r e f e r s  sorghum, o a t s ,  
wheat ,  b a r l e y ,  and c o r n .  Sorghum and c o r n  were r e p o r t e d  t o  b e  t h e  most 
f r e q u e n t l y  i n f e s t e d   orrison on 1963) .  Al though s e v e r a l  s p e c i e s  of  b e e t l e s  
i n f e s t  g r a i n  and g r a i n  p r o d u c t s  i n  Texas ,  t h e  maize w e e v i l  is  t h e  most 
p r e v a l e n t  w i t h i n  t h e  s t a t e   orrison on 1963) .  
The a d u l t  maize w e e v i l  female chews a  c a v i t y  i n  t h e  sorghum k e r n e l ,  
d e p o s i t s  an  egg and t h e n  s e a l s  t h e  c a v i t y  wi th  a  g e l a t i n o u s  p l u g .  One 
female c a n  l a y  a  t o t a l  o f  300 t o  400 e g g s .  The re  a r e  f o u r  l a r v a l  s t a g e s  
which a r e  completed i n  about  2 3  d a y s .  Mor r i son  1963 r e p o r t e d  t h a t  t h e  
maize w e e v i l  comple ted  s i x  g e n e r a t i o n s  per  yea r  w i t h  an a v e r a g e  o f  39 
days  r e q u i r e d  f o r  each  g e n e r a t i o n .  The maize weev i l  i s  a good f l i e r  
( c o t t o n  1 9 6 3 ) ,  and r a n k s  a s  a  p r imary  p e s t  b e c a u s e  of i t s  a b i l i t y  t o  
i n f e s t  whole ,  undamaged g r a i n .  Weight l o s s  of  s t o r e d  g r a i n  i s  caused b y  
b o t h  a d u l t  and l a r v a l  f e e d i n g ,  w i t h  t h e  major damage b e i n g  done b y  t h e  
deve lop ing  Larva i n s i d e  t h e  k e r n e l .  R e s i d e s  g r a i n  weight  l o s s ,  g r a i n  
q u a l i t y  is reduced through contamination of t h e  g r a i n  wi th  i n s e c t  
fragments and exc re t a .  Maize weevil damage a l s o  may r e s u l t  i n  a t t a c k  by 
secondary g r a i n  p e s t s  t h a t  normally cannot a t t a c k  whole, undamaged 
ke rne l s .  
When t h i s  s tudy was undertaken, ke rne l s  of more than  150 l i n e s  not 
I previously screened f o r  r e s i s t a n c e  t o  t h e  maize weevil  were a v a i l a b l e  
from the  Texas Sorghum Conversion P r o j e c t ,  a j o i n t  research  e f f o r t  
sponsored by t h e  Texas Agr i cu l tu ra l  Experiment S t a t i o n  (TAES) and t h e  
United S t a t e s  Department of  Agr icu l ture  (US~IB) i n  Puer to  Rico and Texas. 
I n  t h i s  program, e x o t i c  sorghum r a c e s  and subraces  w e r e  converted from 
photoperiod s e n s i t i v e ,  t a l l  genotypes,-to i n s e n s i t i v e ,  s h o r t e r  genotypes 
wi th  b e t t e r  adapted agronomic c h a r a c t e r s  which can be used i n  temperate 
a r ea s  ( s tephens  e t  a1 . 1967). These converted sorghums provide d i v e r s e  
germplasm t h a t  can be  t e s t e d  fo r  de s i r ed  c h a r a c t e r s  such a s  y i e l d  or  
i n sec t  r e s i s t a n c e .  The o b j e c t i v e  of the  research  reported here  was t o  
sc reen  ke rne l s  of  a v a i l a b l e  converted sorghum l i n e *  for  maize weevil  
r e s i s t a n c e .  
MATERIALS AND METHODS 
Maintenance o f  Cu l tu re s  
The maize weevi ls  used i n  t h i s  s tudy were obtained l o c a l l y  (College 
s t a t i o n )  i n  1976 and reared on e i t h e r  heterowaxy (AT x 378 x NSA 965, 
ATx 374 x NSA 954) o r  a commercial sorghum hybrid i n  an incubator .  One 
p i n t ,  wide mouth Mason@ j a r s  with caps f i t t e d  with b r a s s  sc reens  were 
used t o  hold t he  g r a i n  on which weevil c u l t u r e s  were maintained. 
Approxiqstely 200 gm of sorghum g r a i n  i n  j a r s  were mois ture-equi l ib ra ted  
i n  an incubator for  seven days be fo re  i n f e s t i n g  with 150 unsexed weevils.  
To o b t a i n  t e s t  i n s e c t s  o f  a  ktlown 3 g e ,  t h e s e  w e e v i l s  were  a l l o w e d  t o  
o v i p o s i t  f o r  s e v e n  d a y s ,  a f t e r  which t h e y  were  removed from t h e  g r a i n  
u s i n g  a  No. 1 0  1J.S. S t a n d a r d  S i g v e  and d i s c a r d e d .  The i n f e s t e d  g r a i n  was 
m a i n t a i n e d  i n  t h e  i n c u b a t o r ,  and t h e  emerg ing  a d u l t s  were  removed 
b e g i n n i n g  32 d a y s  p o s t - o v i p o s i t i o n .  For  t h e  nex t  s e v e n  d a y s ,  a l l  newly 
emerged a d u l t s  were  removed and p l a c e d  i n  s e p a r a t e  j a r s  w i t h  c u l t u r e d  
g r a i n .  The a d u l t  w e e v i l s  r e a r e d  and c o l l e c t e d  b y  t h i s  method were  
a p p r o x i m a t e l y  1 0  - + 3.5  d a y s  o l d .  
I n i t i a l  - S c r e e n i n g  
A t o t a l  o f  169  c o n v e r t e d  e x o t i c  sorghum l i n e s  c h o s e n  f o r  t h e  s t u d y  
were  r e c e i v e d  f rom p l a n t  b r e e d e r s  a t  t h e  T e x a s  A g r i c u l t u r a l  Expe r imen t  
S t a t  i o n  a t  Lubbock .  E n t r i e s  were  i d e n t i f i e d  b y  t h e i r  sorghum c o n v e r s i o n  
(SC)  number. C o r r e s p o n d i n g  wor ld  c o l l e c t i o n  ( IS )  numbers  f o r  t h e s e  
v a r i e t i e s  h a v e  b e e n  p u b l i s h e d  b y  S c h u e r i n g  and M i l l e r  ( 1 9 7 8 ) .  S h a l l u  
MP-10 and  K a f i r  6 0 ,  two L ine s  p r e v i o u s l y  r e p o r t e d  a s  r e s i s t a n t  and 
s u s c e p t i b l e ,  r e s p e c t i v e l y ,  t o  t h e  ma i ze  w e e v i l  b y  b o t h  Lange  (1973)  and 
Mannechot i ( 1 9 7 4 ) ~  were  o b t a i n e d  f rom Kansas  S t a t e  u n i v e r s i t y .  They w e r e  
used  a s  s t a n d a r d  c h e c k s  i n  b o t h  f r e e - c h o i c e  and no -cho i ce  t e s t s .  
F r e e - c h o i c e  t e s t .  T h i s  method was u sed  t o  d e t e r m i n e  t h e  p r e f e r e n c e  
7- 
o f  ma i ze  w e e v i l  t o  k e r n e l s  o f  169  d i f f e r e n t  sorghum l i n e s .  p l a s t i c  
s t r i p s  5 . 2  cm wide were  used  t o  r i m  e a c h  o f  e i g h t  plywood c i r c u l a r  t r a y s  
34 cm i n  d i a m e t e r .  Each  t r a y  had 2 5  s e p a r a t e  s eed  compar tmen t s  2 . 6  cm i n  
d i a m e t e r  which  were  e q u i d i s t a n t  f rom t h e  t r a y  c e n t e r .  Each compar tment  
was a l s o  e q u i d i s t a n t  f r ~ m  ad j acen t :  o n e s .  A 2 5 - k e r n e l  sample  o f  e a c h  oE 
2 2  randomly s e l e c t e d  sorghum L ines  was p l a c e d  i n  e a c h  compar tmen t .  
R e s i s t a n t  ( ~ h a l l u  MP-10) and su s : : ep t i b l e  ( ~ a f i r  6 0 )  v a r i e t i e s ,  a s  w e l l  a s  
) the  v a r i e t y  used a s  t h e  r e a r i n g  medium for  t he  maize weevil  c u l t u r e s ,  
served a s  c o n t r o l s  i n  each chamber. Tes t  seeds were e q u i l i b r a t e d  for  two 
weeks a t  27°C and 60 - + 3 percent  RH. A group of 225 unsexed weevi l s  1 0 2  3.5 
days o ld  were then  placed i n  the  cen t e r  of the  t r a y  and allowed t o  move 
f r e e l y  t o  t h e  seeds confined i n  d i f f e r e n t  compartments. Each t r a y  was 
covered with f i n e  mesh c l o t h  t o  conf ine  t he  weevi ls  and maintained i n  t he  
incubator  fo r  seven days,  a f t e r  which the  number of weevi ls  p resen t  i n  
each compartment was recorded. The experiment was r e p l i c a t e d  four t i m e s .  
No-choice test.  F i f t y  undamaged ke rne l s  of each l i n e  were placed i n  
small  v i a l s  (2.2 cm i n  diameter and 2.5 cm i n  he ight )  and e q u i l i b r a t e d  i n  
t he  t e s t  chamber fo r  two weeks. Maize weevi ls  were sexed using snout 
c h a r a c t e r i s t i c s  descr ibed by Reddy (1951),  a f t e r  which s i x  female and 
th ree  male weevi ls  10 - + 3.5 days o ld  were added t o  each v i a l .  V ia l s  were 
then covered with f i n e  mesh c l o t h  and maintained i n  t h e  t e s t  chamber for  
a  seven-day o v i p o s i t i o n  per iod,  a f t e r  which the  adu l t  weevi ls  were 
removed. The v i a l s  remained i n  t he  t e s t  chamber for  t h e  next 55 days ,  
during which t i m e  t h e  n d e r  of  emerging progeny was recorded. This  
experiment was r e p l  i c a t ed  s i x  t imes. Two r e p l  i c a t  ions  of these  t r i a l s  
were conducted i n  one incubator ,  i n  which the  r e l a t i v e  humidity ranged 
from 40-80 percent  a t  2 7 " ~ .  Four r e p l i c a t i o n s  were conducted i n  an 
environmental chamber a t  60 - + 3 percent  RH and 27°C. I n i t i a l l y ,  two 
chambers were used t o  determine r e l a t i v e  humidity e f f e c t s .  
Data from t h e  free-choice and no-choice tests were s t a t i s t i c a l l y  
analyzed using a n a l y s i s  of var iance  procedures t o  determine s i g n i f i c a n t  
d i f f e r en4es  among t e s t e d  l i n e s  i n  t he  number of a d u l t s  p resen t  and t h e  
.. 
number of emerged progeny. Duncan's mu l t i p l e  range t e s t  (DMRT) was used 
t o  t e s t  f o r  s t a t i s t i c a l  d i f f e r e n c e s  between ind iv idua l  means a t  t he  .05 
p r o b a b i l i t y  l e v e l .  Cor re l a t i on  a n a l y s i s  was a l s o  performed t o  determine 
, 
whether a r e l a t i o n s h i p  e x i s t e d  between the  two methods. 
Se lec ted  Screening 
Eighteen of t he  most r e s i s t a n t  l i n e s  i d e n t i f i e d  i n  t h e  above t e s t s  
were then compared t o  seven s u s c e p t i b l e  l i n e s  i n  a s e l e c t e d  sc reening  
t e s t .  The former were l i n e s  i n  which the  fewest a d u l t s  had been found i n  
t h e  free-choice t e s t  and from which the  fewest weevil  progeny had emerged 
i n  t he  no-choice t e s t .  I n  t h e  s e l ec t ed  screening t e s t ,  t h e  same methods 
(free-choice and no-choice t e s t s )  were used t o  eva lua t e  t h e  s e l e c t e d  
l i n e s ,  bu t  i n  bo th  t e s t s  a d d i t i o n a l  eva lua t ion  c r i t e r i a  were used. I n  &%F . 
t '*I 
t he  f ree-choice t e s t ,  d a t a  were c o l l e c t e d  not on ly  on the  number of  
a d u l t s  p resen t  i n  each sample bu t  a l s o  on the  number of k e r n e l s  damaged, 
egg plugs,  and emerged progeny fo r  each sample. I n  t he  no-choice t e s t ,  
i n  add i t i on  t o  t h e  number of emerged progeny obta ined ,  paren t  m o r t a l i t y  
a f t e r  a seven-day o v i p o s i t i o n  per iod was a l s o  recorded.  A l l  t e s t s  were 
conducted i n  an environmental chamber set a t  2 7 O ~  and 70 + 3 pe rcen t  RH. 
- 
Data were transformed using t h e  square roo t  t ransformat ion  procedures  
prev ious ly  descr ibed .  
ReSULTS AND DISCUSSION 
I n i t i a l  Screening 
Free-choice t e s t .  Numbers of adu l t  maize = e v i l s  recovered from 
ke rne l s  of  each sorghum l i n e  i n  a f ree-choice test a f t e r  a seven-day 
exposure period a r e  presented i n  Table  1. Data were transformed using 
? :- 
the  squar& r o o t  t ransformat ion  procedure p r i o r  t o  s t a t i s t i c a l  a n a l y s i s  ' to  
genera te  a normal d i s t r i b u t i o n .  Analysis  of  var iance  showed s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  number of a d u l t s  p resen t  among l i n e s .  The F- tes t  
value of 2.75 ( s i g n i f i c a n t  a t  the  .05 l e v e l )  ind ica ted  t h a t  the  
d i f f e r e n c e  among sorghum l i n e s  i n  t he  number of a d u l t s  p resen t  was 
s l i g h t l y  g r e a t e r  than the  d i f f e r e n c e  i n  a d u l t  numbers among rep1 i c a t  ions 
of  t h e  same l i n e .  
Duncan's mu l t i p l e  range t e s t  revealed overlapping groups. SC0289, 
SC0186, SC0528, SC0427, and SC0165 were among the  most suscep t ib l e  
e n t r i e s .  SC0254, SC02I5, SC0303, SC0079, and SC0331 were among the  most 
r e s i s t a n t  e n t r i e s  based upon the  number'af a d u l t s  i n  t h e  free-chbice 
test.  Standard checks ( ~ h a l l u  I@-lb and K a f i r  6 0 )  which were used a s  
r e s i s t a n t  and s u s c e p t i b l e  l i n e s ,  r e spec t ive ly ,  could not be  separated a s  
r e s i s t a n t  or- su scep t ib l e  i n  t h e  free-choice test.  Mannechoti (1974) and 
Lange (1973) repor ted  t he se  a s  r e s i s t a n t  and suscep t ib l e ,  r e s p e c t i v e l y ,  
based on t h e  number of progeny obtained.  
Number of a d u l t s  p resen t  i n  a  free-choice test is  one measurement of  
sorghum r e s i s t a n c e  t o  t he  maize weevil and is a convenient method of 
e l imina t ing  obviously suscep t ib l e  e n t r i e s .  I ts ch i e f  advantage over t h e  
no-choice test is t h a t  it e l imina t e s  t he  time-consuming t a s k  of sexing 
the  weevils when a  l a r g e  number o f  v a r i e t i e s  a r e  t o  be  eva lua ted .  
Lines  s e l ec t ed  from t h i s  p re l iminary  screening t r i a l  were subjected 
t o  t h e  Se lec ted  Screening test descr ibed  i n  succeeding paragraphs.  The 
add i t i ona l  test was conducted t o  fu r the r  s tudy the  weevi l ' s  behavior  
(ov ipos i t i on ,  e t c . ) ,  t h e  e t t e n t  of  feeding on the  g r a i n ,  and t h e  e x t e n t  
of progeny production. 
No-@heice test.  Data from the  no-choice test ,  based on the  number 
of emerged progeny from k e r n e l s  of  each sorghum l i n e ,  a r e  g iven  i n  Table 
2. Data were t ransformed us ing  t h e  square  r o o t  t r a n s f o r m a t i o n  p rocedure  
p r i o r  t o  s t a t i s t i c a l  a n a l y s i s .  A n a l y s i s  of v a r i a n c e  showed s i g n i f i c a n t  
d i f f e r e n c e s  among sorghum l i n e s  i n  t h e  number o f  progeny which emerged. 
A g r e a t e r  F - t e s t  v a l u e  was o b t a i n e d  i n  t h i s  test (9 .25)  i n  comparison t o  
t h a t  o b t a i n e d  i n  t h e  f ree -cho ice  t e s t  (2.751, i n d i c a t i n g  t h a t  more 
v a r i a t i o n  was d e t e c t e d  among t h e  t e s t  l i n e s  b y  comparing numbers of 
progeny numbers. 
Comparisons o f  t h e  mean number o f  progeny ob ta ined  from d i f f e r e n t  
l i n e s  us ing  DMRT i n d i c a t e d  s e v e r a l  over lapp ing  g roups  o f  sorghum l i n e s ,  
p a r t i c u l a r l y  t h e  i n t e r m e d i a t e  l i n e s .  S i g n i f i c a n t l y  g r e a t e r  numbers o f  
w e e v i l s  (32 w e e v i l s / r e p l i c a t e )  were o b t a i n e d  from t h e  most s u s c e p t i b l e  
l i n e ,  SC0165, i n  comparison t o  t h e  most r e s i s t a n t  l i n e s ,  SC0226, SC0230, 
and SC0233, which averaged o n l y  0.17 w e e v i l s / r e p l  i c a t e .  
When seed q u a n t i t y  is l i m i t e d ,  comparison o f  t h e  number of emerged 
progeny o b t a i n e d  from d i f f e r e n t  l i n e s  is c o n s i d e r e d  a r e l i a b l e  method f o r  
de te rmin ing  weevi l  r e s i s t a n c e  i n  c e r e a l s ,  e s p e c i a l l y  c o r n ,  wheat,  r i c e ,  
and sorghum ( ~ a v e y  1965, S tevens  and Mills 1973) .  R u s s e l l  (1962) and 
Mills (1976) found t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  
sorghum l i n e s  t h e y  t e s t e d  i n  r e g a r d  t o  developmental  p e r i o d  from egg t o  
a d u l t ,  o r  progeny weigh t s .  Windstrom e t  a l .  (1972) s t u d i e d  s i x  methods 
( g r a i n  l o s s ,  number o f  emerged progeny per sample, p e r c e n t  damaged 
k e r n e l s ,  p e r c e n t  progeny m o r t a l i t y ,  and progeny weight)  i n  c o r n  k e r n e l s  
r e s i s t a n t  t o  maize weev i l  and concluded t h a t  t h e  t o t a l  number o f  emerged 
progeny per sample was a b e t t e r  i n d i c a t o r  of r e s i s t a n c e  t h a n  t h e  o t h e r  
f i v e  methods, The no-choice t e s t  is  a s u i t a b l e  measurement f o r  s e l e c t i n g  
r e s i s t a n t  l i n e s  because it s imula tes  cond i t i ons  i n  a g r a i n  b i n .  However, 
- Mills (1976) repor ted  t h a t  Sha l lu  MP-10 was apparen t ly  more r e s i s t a n t  t o  
-- 
t he  maize weevil  when t e s t e d  i n  small q u a n t i t i e s  than when samples o f  50 
grams or  more were t e s t e d .  
C o r r e l a t i o n  a n a l y s i s  of the  number of a d u l t s  p resen t  i n  t he  free-  
choice test and the  number o f  emerged progeny i n  t he  no-choice test 
Q ,  showed s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  (ra0.324) a t  t h e  .05 l e v e l .  The 
r e s u l t s  ind ica ted  t h a t  t he  number of a d u l t s  p resen t  i n  t h e  free-chbice 
t e s t  had some va lue  i n  t h e  i d e n t i f i c a t i o n  of the  obviously suscep t ib l e  
l i n e s .  McCain e t  a l .  (1964) developed t h e  " c a f e t e r i a  method" f o r  
s e l e c t i n g  for  r i c e  weevil r e s i s t a n c e  i n  corn and repor ted  a  high 
c o r r e l a t i o n  ( r  = 0.65) between t h i s  method and a  progeny test i n  t h e  
ranking of 10 co rn  hybrids .  Stevens and M i l l s  (1972) conducted s i m i l a r  
s t u d i e s  i n  which they modified t h e  free-choice test by separa t ing  it i n t o  
a  random d i s t r i b u t i o n  and a  uniform d i s t r i b u t i o n  t e s t .  They found t h a t  
when sorghum v a r i e t i e s  were ranked according t o  r e s i s t a n c e  t o  t h e  r i c e  
weevil ,  t he  r e s u l t s  of a l l  t h r e e  types of test were near ly  equa l .  I n  our 
s tudy,  however, r e l a t i v e l y  small  c o r r e l a t i o n  c o e f f i c i e n t s  were obta ined ,  
i nd i ca t i ng  t h a t  ne i t he r  of t he  d i s t r i b u t i o n  t e s t s  was a s  r e l i a b l e  a s  t h e  
no-choice test i n  d e t e c t i n g  r e s i s t a n c e  of  sorghums t o  t he  maize weevi l .  
Our r e s u l t s  were probably due t o  the  f a c t  t h a t  each l i n e  i n  t h e  i n i t i a l  
free-choice t e s t  was not t e s t e d  aga ins t  a l l  o the r  l i n e s  i n  t he  same test 
t r a y ,  s i nce  each t r a y  could accommodate a  maximum of 'only 25 l i n e s .  
The no-choice t e s t  showed t h a t  t he  response of  some converted 
sorghum l i n e s  t o  maize weevil i n f e s t a t i o n  was influenced by r e l a t i v e  
) humidity.:, ..Although h ighly  suscep t ib l e  l i n e s  c o n s i s t e n t l y  produced 
\ 
r e l a t i v e l y  l a rge  numbers of progeny throughout the  range of humidity 
i 
occurr ing i n  t h i s  s tudy ,  t he  r e s i s t a n c e  of some o the r  l i n e s  t o  maize 
weevil was reduced when exposed t o  higher  r e l a t i v e  humidity.  
Se lec ted  Screening 
Free-choice test .  Analys i s  of var iance  showed s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  d i f f e r e n t  e n t r i e s  i n  t h e  numbers of a d u l t s  p r e sen t  
(Table 3 ) .  Of t he  converted l i n e s  t e s t e d ,  SC0193, SC0006, SC0331, 
SC0215, SC0224, SC0228, and SC0233 a t t r a c t e d  fewer a d u l t  w e e v i l s '  
(3 .5-5.75/repl icate)  t han  d id  SC0366, SC0278, SC0333, SC0165, SC0227, 
SC0186, and SC0425 (10-23 .5 / rep l ica te ) .  Weevils were most numerous i n  
t h e  SC0425 and the  SC0186 samples. 
The ac id  fuchs in  s t a i n i n g  method ( ~ r a n k e n f e l d  1948) was used t o  
f a c i l i t a t e  count ing o f  egg plugs.  The ac id  fuchs in  s t a ined  t h e  A .  3~ : i ~  
ge la t i nous  plug a  deep che r ry  red and the  feeding punctures  a  l i g h t  pink 
c o l o r .  The number o f  egg p lugs  va r i ed  from one t o  more than s i x  per 
kerne l .  The o v i p o s i t i o n  s i te  was f r equen t ly  found i n  t h e  endosperm c l o s e  
t o  t h e  base  of  t h e  kerne l .  Resu l t s  of t he  s t a i n i n g  procedure ind ica ted  
t h a t  SC0425 was t he  most s u s c e p t i b l e  t o  o v i p o s i t i o n  (53.50 p lugs /  
r e p l i c a t e ) ,  whereas SC0233 was t h e  most r e s i s t a n t  (4.2 5  p lugs / r ep l  i c a t e )  
 able 4 ) .  
The number of k e r n e l s  damaged by t h e  a d u l t  weevi ls  was determined 
using a  b iocu la r  microscope t o  observe feeding damage. Kernels  i n  which 
weevi ls  had ov ipos i t ed  were separa ted  be fo re  damaged ke rne l s  were 
counted. The number of  damaged k e r n e l s  ranged from 2 .75 / r ep l i ca t e  i n  
SC0193 t o  12 .25 / r ep l i ca t e  i n  SC0186  able 4 ) .  The number of emerged 
p r ~ g e n y ~ o b t a i n e d  from d i f f e r e n t  l i n e s  i n  t he  test ranged from 2.51 
r e p l i c a t e  fo r  SC0233 t o  20 .5 / r ep l i ca t e  f o r  SC0425. Some progeny d i ed  
following emergence from ke rne l s  of SC0233 o r  SC0331. 
Cor re l a t i on  a n a l y s i s  among v a r i a b l e s  measured i n  t h e  free-choice 
t e s t  showed t h a t  i n  gene ra l ,  t h e  numbers of a d u l t s  p resen t  were 
p o s i t i v e l y  c o r r e l a t e d  with t h e  number of  egg plugs and number of emerged 
progeny; t h a t  is ,  a s  the  number of a d u l t s  a t t r a c t e d  t o  each l i n e  w ,  
increased ,  t h e  number o f  egg plugs and emerged progeny a l s o  increased .  
However, an except ion  t o  t h i s  t y p i c a l  r e s u l t  occurred i n  t he  ca se  of 
Kaf i r  60, t h e  suecept  i b l e  check. a t h o u g h    only 3.2 5 w e e v i l s / r e p l i c a t e  
were recovered from t h i s  l i n e  after t h e  seven-day exposure per iod ,  an 
average o f  31.75 egg plugs and 12.5 progeny per r e p l i c a t e  were recorded.  
One explana t ion  for  such an except ion  might be  t h e  observa t ion  by Cogburn 
(1974) who s t a t e d  t h a t  some l i n e s  e i t h e r  apparen t ly  a t t r a c t  more females 
than  males,  o r  females move t o  o the r  l i n e s  a f t e r  av ipos i t i on .  The 
h ighes t  c o r r e l a t i o n  c o e f f i c i e n t  (0.84) was found between the  number of  
egg plugs and the  number of emerged progeny, i nd i ca t i ng  t h a t  t h e  
p r o b a b i l i t y  of  progeny su rv iva l  t o  t h e  adu l t  s t age  a f t e r  hatch was good. 
However, normally only one a d u l t  developed from a kerne l  i n  which two or  
more eggs had been l a i d .  S h a r i f i  and Mills (1971) found t h a t  small  
l a rvae  were k i l l e d  by l a rge r  ones. Such cannibal ism occurred dur,ing 
s eve ra l  s t a d i a  b u t  was most p reva len t  dur ing  the  second. Schoonhoven e c  
a l .  (1975) made a s imi l a r  observa t ion  while screening 10  co rn  v a r i e t i e s  
aga ins t  t h e  maize weevi l ,  concluding t h a t  r e s i s t a n c e  was p r imar i l y  
expressed a s  a reduc t ion  i n  ov ipos i t i on .  I f  an egg was l a i d  i n  a kernel  
) of  e i t h e r .  a r e s i s t a n t  o r  a s u s c e p t i b l e  l i n e ,  p r o b a b i l i t y  of  progeny 
--, 
su rv iva l  t o  t h e  a d u l t  s t a g e  a f t e r  hatch was good. However, Dobie (1974) 
experimented wi-th 2 5  w a i ~ e  v a r i e t i e s  fcom Malawi and.  found tha t  the re  was 
no evidence of a r e l a t ionsh ip  between the number of eggs Laid and 
._ 
s u s c e p t i b i l i t y .  . He concluded t h a t  the s u s c e p t i b i l i t y  of  these v a r i e t i e s  
was determined by post-oviposition fac to r s ,  I n  our study, the re  was no 
high c o r r e l a t i o n  between t h e  number of a d u l t s  prese& and the  number of 
damaged kernels .  
No-choice test. Percent parental  mor ta l i ty  was determined aft'er 
weevils had been con£ ined t o  seeds of each sorghum l i n e  for  seven days. 
Such mor ta l i ty  ranged from 0-100 percent  and was highest  i n  SC0226, 
SC0233, SC0311, SC0309, and SC0227. Parenta l  mor ta l i ty  d id  not occur i n  
the  checks and was low for  SCO165 and SC0425. Rogers a d  M i l l s  (1974a) 
found t h a t  the  r e s i s t a n t  v a r i e t y  "Double Dwarf Early Shallu" exhibi ted an  
a n t i b i o t i c  e f f e c t  a t  43 percent r e l a t i v e  humidity causing a n  average of 
85 percent parenta l  mortalitp a f t e r  a five-day o v i p s l i t i o a  period. 
Duncan' s mul t ip le  r a w  test revealed d i r t  i n c t i v c  groups of sorghum 
l i n e s  based on the  nuder of emerged progeny (Table 4). The most 
r e s i s t a n t  group consisted of SC0233, S0226,  and SC0311, These th ree  
l i n e s  averaged l e s s  thaa  o w  progeny/teplicate.  The most suscept ib le  
l i n e s  - SC0165, 8C0186, SC0103, SC0278, and $68425 - averaged more than 
25 weevil s / r ep l  i c a t e .  
Correlat ion analys is  between .the number 6f progeny and pereent 
parenta l  mor ta l i ty  was negatively co r re la t ed  (r-0.89) a d  h ighly  
s ign i f i can t  a t  the  205 Teve'L. - I n  other  wotds, ' the heggher Mre parea ta l  
mor ta l i ty ,  ' the  m a l l e t  the  atimber of pkogeny 6btafned. Wi:dstrom et al. 
f 1972) co&-luded tha t  the  rattking ef 25, '  se lec ted  1i.m - i&ere ia thn  t o  . 
maize weevil' r e s i s t ance  was nea r ly  the  sgnrar when -eitchef- percenf? pa ren t id  
mor ta l i ty  or number of emerged progeny was used as  the c r i t e r i o n .  
b Cor re l a t i on  between the  number of emerged progeny i n  t h e  no-choice 
and the  free-choice t e s t  was p o s i t i v e  (r=0.84) and s i g n i f i c a n t  a t  t he  .05 
l eve l .  The ranking of l i n e s  i n  order  of r e s i s t a n c e  was s i m i l a r  fo r  bo th  
t e s t s .  Sorghum l i n e s  such a s  SC0006, SC0193, SC0233, SC0311, and SC0331 
were i d e n t i f i e d  a s  r e s i s t a n t ;  of  t he se ,  SC0233 and SC0311 were the  most 
r e s i s t a n t .  Kernels  of these  two l i n e s  c o n s i s t e n t l y  received l e s s  1 ,  
o v i p o s i t i o n  and y ie lded  fewer emerged progeny i n  free-choice and t h e  
no-choice tests.  
CONCLUSIONS 
Based on t h e  r e s u l t s  of  t h i s  s tudy ,  t he  fol lowing conc lus ions  may be  
drawn: 
1. Pre l iminary  screening of 169 converted e x o t i c  sorghum l i n e s  for  
r e s i s t a n c e  t o  t h e  maize weevil  usicig free-choice and no-choice 
methods revea led  s i g n i f i c a n t  d i f f e r e n c e s  among l i n e s  i n  weevil 
aggrega t ion  tendenc ies  and numbers of  emerged progeny, t hus  
i nd i ca t i ng  t h a t  some of the  l i n e s  t e s t e d  were r e s i s t a n t  t o  t he  pes t .  
2 .  Resu l t s  of  s e l e c t e d  screening t r i a l s  i nd i ca t ed  t h a t  t h e r e  was 
congru i ty  among d i f f e r e n t  c r i t e r i a  used t o  d e t e c t  r e s i s t a n c e  t o  
maize weevil  i n  conve r t ed . exo t i c  l i n e s .  Based on t h e  r e s u l t s  of  
t h i s  more d e t a i l e d  sc reen ing  of 25  s e l e c t e d  converted l i n e s ,  f i v e  
l i n e s  c o n s i s t e n t l y  d i sp layed  except iona l  promise a s  sources  o f  
germplasm r e s i s t a n t  t o  t he  maize weevil. These were SC0226, SC0233, 
SC0309, SC0311, and SC0331. Addit ional  l i n e s  which should be  
f u r t h e r  i nves t i ga t ed  a s  pos s ib l e  cpobirces of r e e i s t a a t  germplasm a r e  
SCOlP9, SC0224, SC0227, SC0230, S60289, aad 360333, 
L 3. -.- t '  




Cogburn, R. R. 1974. Domestic r i c e  v a r i e t i e s  apparent r e s i s t a n c e  t o  
r i c e  weevi l ,  l e s s e r  g r a i n  b o r e r s ,  and angoumois g r a i n  moths. 
Environ. Ent-1. 3: 681-5. 
Cot ton,  R. T. 1963. f  s t o r e d  . Burgess 
Publ i sh ing  Co. 318 pp. 
Davey, R. T. 1965. The s u s c e p t i b i l i t y  of sorghum t o  a t t a c k  by t h e  
weevi l ,  S i t o p h i l u s  oryzae L. Bul l .  Ent. Rea. 56: 287-97. 
Davidson, R. H. and W. F. Lyon. 1979. P e s t s  of so t red  products  a& 
household goods, pp. 489-520. - In: I n s e c t s  P e s t s  of Farm, *den and 
Orchard. John Wiley and Sons, New York. 596 pp. 
Dobie, P. 1974. The l abo ra to ry  assessment of t he  inheren t  
s u s c e p t i b i l i t y  of maize v a r i e t i e s  t o  post  harves t  i n f e s t a t i o n  by 
S i t o p h i l u s  zeamais Motsch. (Colep te ra ,  ~ u r c u l i o n i d a e ) .  J. S tored  
Prod. R e s .  10: 183-97. 
~ r a n c e n f e l d ,  J .  C. 1948. S t a in ing  method &~t. d.Wk.kEw 0188vil 
-1 
i n f e s t a t i o n  i n  g r a i n .  U.S. Dept. Agri. &rr. bf Bxntaar~l, and P l a n t  
Quar. ET-256, 4 , p p .  
Georghiou, G.P., and C.  E. Taylor .  1977. P e s t i c i d e  resistance as an 
evolu t ionary  phenomena. Proc.  15 th  I n t .  Congs. Entomol., 
Washington, D.C.  759-85. 
Lenge, S. 1973. Laboratory s t u d i e s  of v a r i e t a l  sorg e 
t o  t h e  maize weevi l ,  S i t o p h i l u s  zeamais Motsch. (Col . ,  
Curcul ion iae) .  Ph.D. D i s s e r t a t i o n .  Kansas S t a t e  Un ive r s i t y ,  
Manhattan. 127 pp. 
Mannechoti, P. 1974. S tudies  of  r e s i s t a n c e  o f  92 sorghum and 38 maize 
c u l t i v a r s  t o  4 s p e c i e s  of stored-product i n s e r t s .  M. S. Thes i s ,  
Kansas S t a t e  Univers i ty ,  Manhattan, 165 pp. 
Mills, R. B. 1976. Host r e s i s t a n c e  t o  stored-product i n s e c t s  11. 
Proc. J o i n t  U.S.-Japan Seminar on Stored-Produce I n s e c t s .  
Manhattan, Kansas, 77-87. 
Morrison, E .  0. 1963. E f f e c t  of environmental f a c t o r s  on populat ion 
dynamics of t he  r i c e  weevi l ,  S i t oph i lu s  zeamais Motsch. Ph.D. 
D i s s e r t a t i o n ,  Texas A&M Univers i ty ,  College S t a t i o n ,  154 pp. 
Munro, J. W .  1966. P e s t s  of  s t o r ed  products .  Hutchinson & Co. 234 pp. 
Murty, B. R . ,  V .  Arunachalam, and M .  B. L. Saxena. 1967. 
C l a s s i f i c a t i o n  and ca ta logue  of world c o l l e c t i o n  of Sorghum. Ind ian  
J .  Genet ics  P l a n t  Breeding. 27 (spe.  no.): 1-312. 
Pa in t e r ,  R. H .  1951. In sec t  r e s i s t a n c e  i n  crop p l a n t s .  Macmillan Co. 
520 pp. 
Reddy, D. B. 1951. Determination of sex i n  adu l t  r i c e  and granary 
weevi ls  (Coleoptera ,  ~ u r c u l i o n i d a e ) .  Pan. P a c i f i c  EntomologCst . 
25: 13-6. 
Rogers, R. R . ,  and R .  R. M i l l s .  1974a. Reaction of sorghum v a r i e t i e s  t o  
maize weevil  i n f e s t a t i o n  under t h r ee  r e l a t i v e  humidi t ies .  J .  Econ. 
Entomol. 67: 692. 
Rogers, R. R . ,  and R .  R. Mills. 1974b. Evaluat ion of a world sorghum 
c o l l e c t i o n  fo r  r e s i s t a n c e  t o  t he  maize weevil ,  S i t o p h i l u s  zeamais 
Motsch.  o ole opt era: Curculionidae) . J .  Kansas ~ n t o m o l .  Soc. 47: 
R u s s e l l ,  M. P. 1962. E f f e c t s  of  sorghum v a r i e t i e s  on t h e  l e s s e r  r i c e  
weevi l ,  S i tophi1 ,us  o ryzae  L .  I. O v i p o s i t i o n  innnature m o r t a l i t y  and 
s i z e  o f  t h e  a d u l t s .  Ann. Entomol. Soc. Am. 55: 678-85. 
Samuel, C.  K . ,  and S.  C h a t t e r j i .  1965. S t u d i e s  on t h e  v a r i e t a l  
r e s i s t a n c e  and s u s c e p t i b i l i t y  of  "Jowae" ( A n d r o ~ o g e n  sorghum) t o  
s t o r a g e  p e s t s  i n  I n d i a .  I n d i a n  J .  Ento. 15: 225-39. 
Schmeltz, I. 1971. Nico t ine  and o t h e r  tobacco a l k a l o i d s .  fi. 
Jacobson,  M . ,  and D. G. Crosby ( e d s . ) .  N a t u r a l l y  o c c u r r i n g  i n s e c t i -  
c i d e s ,  M. Dekkeo I n c . ,  99-136. 
Schoohoven, A. V . ,  E. Horber, R. B. Mills, and C. E. Wassom. 1975. 
S e l e c t i o n  f o r  r e s i s t a n c e  t o  t h e  maize weevi l  i n  k e r n e l s  o f  maize. 
Euphyt i c a  24: 639-44. 
Schuer ing ,  J. F. and F. R. M i l l e r .  1978. F e r t i l i t y  r e s t o r e r s  and 
s t e r i l i t y  m a i n t a i n e r s  t o  t h e  m i l o - k a f i r  g e n e t i c  cy top lasmic  male 
s t e r i l i t y  system i n  t h e  sorghum world c o l l e c t i o n .  Texas Agric .  Exp. 
S tn .  MP-1367: pp. 47. 
S h a r i f i ,  S. ,  and R .  B. Mills. 1971. Radiographic s t u d i e s  of  S i t o p h i l u s  
zeamais Motsch i n  wheat k e r n e l s .  J. S t o r e d  Prod. Res. 7: 195-206. 
S tephens ,  J .  C . ,  F. R. M i l l e r ,  and D. T. Rosenow. 1967. Conversion o f  
a l i e n  sorghum t o '  e a r l y  combine genotypes.  Crop S c i .  7: 396. 
S tevens ,  R. A., and R .  B. Mills. 1973. Comparison of t echniques  f o r  
sc reen ing  sorghum g r a i n  v a r i e t i e s  f o r  r e s i s t a n c e  t o  r i c e  weevi l .  J .  
Econ. Entomol. 66: 1222-3. 
White. S. C. 1975. Laboratory s t u d i e s  of l e v e l s  and c a u s e s  of  i n s e c t  
r e s i s t a n c e  i n  v a r i e t i e s  of  s t o r e d  sorghum. M.S. T h e s i s ,  Kansas 
S t a t e  U n i v e r s i t y ,  Manhattan. 70 pp. 
Windstrom, N. W . ,  L. W. Red l inger ,  and W. J .  Wiser. 1972. Appra i sa l  of 
methods f o r  measuring c o r n  k e r n e l  r e s i s t a n c e  t o  S i t o p h i l u s  zeamais  
Motsch. J .  Econ. Entomol. 65:  790-2. 
2. :. 
1 
Wilbur, D. A . ,  and R. B. Mills. 1978. S tored  g r a i n  i n s e c t s ,  pp. 
573-603. - I n .  P f a d t ,  R. E. ( e d . )  Fundamentals of Applied 
Entomology. Macmillan P u b l i s h i n g  Co., Inc .  798 pp. 
Table 1. Number of a d u l t s  present  among k e r n e l s  o f  169 converted 
exo t i c  sorghums, s tandard checks and c u l t u r e  medium a f t e r  a  seven-day 
exposure per iod i n  f ree-choice t e s t  
No. of a d u l t s  p r e s e n t / r e p l i c a t e  
E n t r p *  Mean DMRT a 
1 2 3 4 
19 14 24.75 a 
13 15 19.50 ab 
13 10 18.00 a- c  
13 10 18.00 a-d 
13 10 17.25 a-e 
8 12 16.00 a- f 
19 2 4 15.75 a-g 
16 15 15.50' a-h 
17 10 15.00 a- i 
2 2 4 15.50 a- j 
23 4 15.75 a-k 
15 10 15.00 a- 1 
13 11 15.00 a- 1 
9 11 14.50 b-m 
8 5 15.25 b-n 
12 7 14.00 b-c 
11 8 14.00 b-o 
5 7 15.50 b-o 
No, of adults p r e s e n t f r e p l i c a t e  q ii . 
Entry** - M e a n  DMRT a 
1 2 3 4 
J 
3 3 9 11 4 - 14.25 b-s 
2 5 5 14 8 13.00 b-t 
. * ." 
17 9 11 11 12 .OO b-u 
i. 7% 
7 14 ' 12 .OO b-v 
x f :C  
.,- 
SC0399 13 12 7 16 ; 12.00 b-v 
$4 -? C. 5 & 
. - - - 
Culture m e d i u m  5 6 2 6 14 '12 .75 -s '  b-w 
, C ?  
. . L % < ' 3  . - , L +: 
SC0358 15 18 10 5 12.00 b -x 
SC03 94 16 . 2, 18 9 2 11.25 
. , f t- ii - C L .  ' i g b-Y 
SC0335 15 " 20 5 - 4 11.00 ' c-z 
- il c,t I '; 4 ,I , E! 
SC03 15 12 6 9 13 10.00 c- z 
1 Table 1. (continued) 
No. of adults  present / repl icate  
Ent rp*  Mean DMRTa 
1 2 3 4 
-- - 
SC02 96 18 5 
SC02 98 9 6 
Kafir 60 9 8 
SC0372 14 13 
SC02 2 8* 7 5 
SC0053 6 7 
SC0450 11 11 
SC0188 9 9 
SC0050 3 8 
SC02 2 9 11 17 
SC0403 14 3 
SC0426 12 15 









SC0387 7 7 11 10 8.75 d-a' 
SC02 99 8 2 4 4 4 10.00 d-a' 
Kafir 60 6 8 8 13 8.75 d-a' 
Culture medium 6 8 8 13 8.75 d-a' 
SC02 56 10 12 11 3 9.00 d-a' 
10 7 4 15 9.00 d-a' 
5 ? 7 14 8.75 e-b ' 
5 5 11 14 8.75 . f - c '  
7 7 6 14 8.50 f-c ' 
Table 1. (continued) 
No. of adults present/repl icate 
Entry** Mean DMRT a 
1 2 3 4 
Culture medium 3 7 12 13 8.75 f-c' 
SC02 84 6 9 10 8 - 8.25 f-c ' 
SC02 2 6* 6 3 11 14 8.50 f-c' 
SC0108 5 6 10 11 8.00 f-c ' 
Kafir 60 6 9 2 18 8.75 f-c ' 
8.00 f-c ' 
8.25 f-c ' 
7.75 f-r ' 
-8.00 f-c ' 
8.00 f-c ' 
7.75 f-c ' 
8.50 f-c' 
7.75 g-d ' 
7.75 g-d ' 
8.25 g-d ' 
8.00 g-d ' 
8.00 h-e ' .<. + -  
7.50 a s  h-e' 
7.50 ' . h-e' 
7.50 h-e ' 
7 :50 h-e ' 
7.50 h-e ' 
Table 1. ( ~ o n t  inued) 
No. of adul ts  present/replicate 
Entry** Mean DMRTa 
1 2 3 4 
SC02 2 0 
SC0308 











Kafir 60 2 
SC05 6 3 5 
Culture medium . 3 
SC0392 5 
7.25 i - f '  
7.25 i -f '  
8.50 i - f '  
7.50 i - f '  
7.00 j- f ' 
7.50 j- f '  
7.25 k-g ' 
7.00 k-g ' 
7 .oo 1-g ' 
7.75 m-g ' 
7.25 *g ' 
7.50 *g ' 
6.75 n-g ' 
7.00 0-g ' 
6.75 0-8 ' 
6.50 0-g ' 
6.25 P-€! ' 
6. 50 P-8' 
6.75 P-8 ' 
6.50 P-8 ' 
7.25 P-g ' 
6 6 . 7 5 .  p-g' 
No. of adults  ~ r e sen t / r epL ica t e  
En t rp*  Mean DMRTa 
1 2 3 4 
- - - -- - - -  
SC02 58 9 8 5 3 6.25 P-g ' 
, Culture medium 6 7 5 6 
- 6.00 P-f3 ' 
SC0388 7 7 5 5 6.00 9-g ' 
SC04 14 13 6 5 2 6.50 9-8 ' 
SC02 72 6 4 7 7 6 .OO Q-g ' 
SCO 1 99* 4 8 5 7 6.00 q-g ' 
Culture medium 2 9 5 9 6.25 r-g ' 
Culture medium 5 5 10 4 
Shallu MP-10 4 5 
Shallu MP-10 9 3 

















Table 1 .  (cont inued)  
No. of  a d u l t s  p r e s e n t / r e p l i c a t e  
Entry"* - Mean DMRTa 
1 2 3 4 
Cul ture  medium 5 
, SC0319 3 






SC02 8 1 
SC0493 
Shal lu  UP-10 
SC0499 
SC02 06 






a Shal lu  MP-10 ? :- 
= ~ ~ 0 2 7 1 s  
9 3 5.50 t-i' 
5 12 - 5.75 t-j' 
7 2 5.50 t-j '  
8 7 5.50 t-j' 
4 6 5.25 u- j '  
8 5 5.25 u-j '  
8 4 5.25 u-j '  
4 8 5.25 v-j '  
9 5.50 v- j '  
2 5.25 w j ' 
7 5.50 w - j '  
1 5.50 w-j' 
4 5.25 w-j' 
6 5.25 x-j '  
9 6.00 x-j ' 
2 5.25 x- j ' 
8 5.00 x- j '  
4 3 5.00 Y-j ' 
2 11 5.25 Y-j ' 
3 8 5.00 z-.i ' 
4 6 4.75 z- j ' 
3 6 4.75 z - j '  
$ 
Table 1. ( ~ o n t  inued) I 
No. of adul ts  present / repl icate  
Entry** Mean DMRTa 
1 2 3 4 
SC0195 3 5 4 7 4.75 z-j1 
SCO2C3 3 5 8 3 4; 75 z-j 
SC02 2 4* 4 7 6 2 4.75 z-j l 
SC0093 6 5 3 4 4.50 z - j t  
Culture medium 3 7 4 4 4.50 z - j t  
Culture medium 6 6 3 3 4.50 z-j1 
SC0340 6 5 4.50 z-j l 
Culture medium 8 4 
Culture medium 4 5 
Shallu MP-10 1 5 
Sf032 2 3 6 1 6 
J 
Shallu MP-10 4 3 13 0 
z-j l 
z- j  l 
z- j1 
z- j  
z-j 
z - j t  




z - j t  
z-j l 
a l - j l  
a ' - j @  
Table  1. ( ~ o n t  inued)  
b 
No. o f  a d u l t s  p r e s e n t / r e p l i c a t e  
Entry** Mean DMRT a 
1 2 3 4 
SC02 2 7* 2 
SC0366* 2 
SC042 3 2 
SC0078 2 
SCO2 8 3 2 
SC0006* 0 
SC0459 1 
K a f i r  60  4 
Cul tu re  medium 3 







S h a l l u  MP-10 
7 '. 




Table 1 .  (continued) 
No. of adults presentlreplicate 
Entrp* Mean DMRTa 
1 2 3 4 
a Means followed by a conmon le t ter  are not s ignif icanlty  
different at the .05 level  according t o  Duncan's multiple range t e s t  
(DMRT) . 
* Selected for further test ing.  
** I S  numbers of entr ies  can be obtained from TAES MP-1367, 1978. 
Table 2 .  Number of emerged progeny from kernels of 169 converted 
exotic sorghums, 2 standard checks and cul ture  medium 55 days post 
oviposition i n  no-choice t e s t .  
No. of progeny/replicate 
Entry** Mean DMRTC 
1. 2a 3b 4b 5b f5 
SC0050 





SC0165* 34 50 28 22 32 26 
SC0186 45 47 24 27 12 37 
Kafir 60* 42 47 19 20 32 26 
29 40 3 - 36 42 
20 47 20 15 21 40 
29 48 5 22 30 32 
29 42 13 17 31 26 
31 46 18 15 26 20 
25 40 20 15 36 18 
32.00 a 
32.00 ab 
31 .OO a-c 
30.00 a- d 
27.17 a- e 
27.67 a- f 
26.33 












Table 2 .  (Continued) 
, , 
No. of progeny/replicate 
Entry** Mean DMRTC 
l a  2a 3b 4b 5b 6b 
SC0530 35 46 3 14 19 28 24.17 a-o 
SCO 1 66 
J 







25 41 7 15 24 20 22 .OO a-t 
14 34 14 18 26 20 21.00 a- u 
12 36 17 19 25 17 21.00 a-v 
13 43 14 14 23 21 21.33 a-v 
18 39 13 11 24 20 20.83 a-v 
9 39 10 18 25 26 21.17 a-v 
28 45 12 4 23 19 21.83 a-v 
32 30 7 13 18 , 23 20.50 a-w 
31 45 25 3 22 7 22.17 a-w 
13 38 16 13 14 26 20.00 a-w 
SC04 1 8 34 44 1 3 33 ' 25 23.33 a-w 
F ~ "  .. . 
SC03 1 9 ; I 29 39 10 10 12 22 20.33 a-w 
Table 2 .  (Continued) 
- .  
- -< 
. .- 
I , .  - 
A- 
No. of progeny/repl ica te  
E n t r p *  - -- Mean DMRTC 
l a  2a 3b 4b 5b 6b 
SC0403 
SC0499 















18.50 a- x 
18.17 a-x 






2 9 3 1 5 7 10 17 16.67 d-a' 
9 37 13 11 16 11 16.17 d-a' 
SC0114 20 46 5 10 13 8 17 .OO d-a' 
5: - 
SC0237 ' 30 37 7 3 13 10 16.67 d-a' 
Table 2.  (Continued) 
No. of  p rogeny/ rep l ica te  
E n t r p *  - Mean DMRTc 
l a  2a 3b 4b 5b 6b 
SC0090 8 
SC0044 0 
Cul ture  medium 27 
- ~ ~.. 
d-a' 











i - f '  
j - f '  
2 3 10 9 7 10 11 11.67 j - f '  
16 24 2 14 7 9 12.00 k-g ' 
11 29 5 0 19 14 13.00 1-g ' 
0 21 1 - 22 28 14.40 1-h' 
18 26 6 8 12 1 11.83 1-h' 
I "  
12 34 0 6 8 16 12.67 n rh '  
I Table 2 .  ( ~ o n t  inued) 
N o .  o f  p r o g e n y / r e p l i c a t e  
Entry** --- Mean DMRTC 










s -1 '  










y - t '  
Table 2 .  ( ~ o n t  inued) 
N o .  o f  progeny/repl i c a t e  
Entry** Mean DMRTc 
l a  2a 3b 4b 5b 6b 
y-t ' 





a' -v'  
a'-v' 












b ' - y  ' 
b Table 2 .  (Continued) 
No. o f  progeny/repl icate  
EntrF*  Mean DMRTC 
l a  2a 3b 4b 5b 6b 
Table 2. ( ~ o n t  inued) 
No. o f  p r o g e n y / r e p l i c a t e  
Entry"* ------ Mean DMRTC 




SC02 2 4* 
J SC02 2 9 
v 
SC02 7 l* 
$602 2 7* 
SCO 19 3* 
Table 2. 
No. o f  p r o g e n y l r e p l i c a t e  
Entry** Mean DMRTC 
l a  2a  3b 4b 5b 6b 
a Samples mainta ined i n  an  incuba tor  a t  2 7 ' ~  and 40-80% RH. 
b Samples mainta ined i n  an environmental  chamber a t  2 7 O ~  and 6 0  + 
3% RH. I I 
Means followed by a common l e t t e r  a r e  not s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  .05 l e v e l  according t o  ~ u n c a n ' s  m u l t i p l e  range t e s t  
(DMRT) . 
* S e l e c t e d  f o r  f u r t h e r  t e s t i n g .  
** I S  n + e r s  o f  e n t r i e s  can  be  ob ta ined  from TAES MP-1367, 1978. 
pjraasvair;, mgr pi*&, &&&a#& Ycrsrrawlr, Md mrssd prageny f n  
'$"Ft, 
, . 
arsrealitp a d  n d m  of mm~aed pr*uuy i n  am-cbica t r r t a  
Free choicea No-choicea 
Engry No. of Qdulte No. of egg No. of damaged No. of emerged Percent parent No. of merged 
+lr present pluge kernel e PrWenY mortality Progeny 
" 
ElCO42 5 23.50a 53,50a 5.50~-h 20.50a 5.56f 37;5Oa ' 
SCO186 21.00a 22 ;~7e-h f2.25a 11. f5c-i 13 .89~  27:13a 
SW22 7 15.25b 13,OOij 9.50-c i0,We-j 83.34b 2.888 
$a165 14.75b 30 ,Sob- f :8.60a-f 15. %a-d 1.39ef 32.13a , 
E0333 12.75bc 34-i'75bc <5.79b-h f.4. ma-e 54.17cd 17-. OOb-d 
8602 78 12.50bc 2 5 ,OOd-g 1 .25& 16.00a-c 5.56ef , 3L63a 
BCa366 10.00cd 33,25b-d !!.2W-g &5. Wa-d 51.393 19-i 88bc 
SCOZ 30 9.25~-e 26&50c-f l6.Zi)b -g I4.M)a-e 51.39d 17.63b-6 
8M103 9. $0~-e  2 $250~- f ;9 .Ma-e 13.75b-f 12.50ef 28.00s 
SW309 9.00~-e 16': 50h i , '8 .25r f  11. $ 5 ~ - i  94..45ab 3.13g 
St20226 7 .Sod-f 15ri50hi ;7.2.?la-f ,7.50ij 100.00s -+b.OOh 
SC0199 6.50d-g 14,50i j 8.OOa-f .. 8.F5g-j 59.33cd id .00cif 
W03 1 1 6.00d-g 17+25g-i 5.23~-h 4.wk-1 -97.22s .D.!@gh 
St70271 6.00d-g 17,OOhi 4?. 00a-f i0,StOd- j 50.00d fq.88b-d 
-89 6.00d-g 40;,75b -,4 .We-h 19.75ab 54.17cd 20.fjb 4 
ipCOP 33 5.75e-g 4:25k - 7.Va-f 2.501 100.000 0.6% 
El00228 5. We-g 2k,25fl.h '"8,Wa-f 13.75~-g 51.396 1 T .6$b-e 
8(30224 4.50fg 13.25iJ '9.5Qa-d 9.25f- j 68.06~ Q.13f: 
$00215 4.5Ofg 30', oob.~ f 4.0bgh . 925f - j  5%. 56ad 14. @ef.  
8~033; 1 4.08g 7,75 jk 3 7.atab-f ..d - 3.251 66 .67~  , a ,  79s 
SC-0i006 3.7Sg 14.75hS 5. Wd-h 7.f5i j  55.56cd 8,SOsf 
rSOol9i3 3. Sag 14i25hf ; 2.75h 8.Rah-j 50, OM , Il.2bd-f 
$hallu MP-10 , 3.248 15.50h3 6. 75b-f 6.15jk 0 .OOf 13.75c*f 
Eafir 60 3.258 31.75b-e 5.2Je-h $2. SOc-h O.OOf 20.000 
a Man8 followed by a coarmon laeter  are not s ignif icaht ly different a t  the .05 level  aacordimg to 
Duacan'o Multiple Range Teet. 
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